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® A wye-branching optical circuit including an in- 
put waveguide (1) and at least two output 
waveguides (2.3), wtiich are single nxMjs waveguides 
or muib'-mode waveguides in wtiich only several 
modes are propagated. The waveguides are formed 
in a substrate, whereih-a portion (6) of the input 



waveguide (1) is a low effective refractive Index 
waveguide wliere higher order modes are cut-off. 
and the effective, refractive index of a fundamental 
mode is lower than in the other waveguides formed 
in the substrate. 
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BACKGROUND OF THE INVENTION 



This invention relates to a wye-branching op- 
tical circuit having a Y-shaped waveguide, and 
more particularly to a wye-branching optical circuit 
having an improved stable branching ratio by sup- 
pressing the variation in branching ratios for a 
range of wavelengths which is caused when the 
incident light is axially shifted. 

A conventional wye-branching optical circuit, 
shown in Fig. 1. includes an input waveguide 1 and 
output waveguides 2 and 3. which have equal sec- 
tional configurations and refractive indexes. The 
waveguides 1, 2. and 3 meet at a branching portion 
4. thus providing a Y-shaped optical circuit. When 
only the fundamental mode of a wavelength is 
excited for the input waveguide 1. the optical power 
Is divided equally at the branching portion 4 and 
applied to the output waveguides 2 and 3. 

In the above described wye-branching optical 
circuit. If only the fundamental mode of a 
wavelength is excited for the input waveguide 1, a 
branching ratio of approximately 50:50 is obtained. 
This is not a problem. 

On the other tiand. for instance, when the axis 
of the incident light is slightly shifted, the higher 
order modes and leaky modes, in addition to the 
fundamental mode, are excited in the input 
waveguide. In this case, at the branching portion 4 
the field distributions of the higher order modes 
and leaky modes depend on the wavelength, and 
the optical powers of these modes, which are ap- 
plied to the output waveguides 2 and 3, are 
changed. That is. the branching ratio deviates from 
50:50. Thus, the branching ratio is variable within a 
certain range of wavelengths. This is a problem. 

Even If the axis of the incident light is not 
shifted, the following problem may result. For ex- 
ample, if the dimensions of the waveguides are not 
exact or vary, the higher order modes and leaky 
modes are excited, giving rise to similar problems 
associated with an axial shift of the incident light 
as described above. 

This phenomenon occurs particularly when 
light emerging from a single mode fiber is applied 
to the input waveguide of the wye-branching optical 
circuit with its axis shifted from the axis of the input 
waveguide. 

Fig. 2 illustrates an example of the wavelength 
loss characteristic for light emerging from a single 
mode fiber which is axially shifted when applied to 
the input waveguide 1 of the conventional wye- 
branching optical circuit manufactured according to 
a two step purely thermal Ion-exchange process. 
The two step purely thermal ion-«xchange process 
IS disclosed in Paper No. 369 which was presented 
by Sugawara. Hashizume and Seki in the nation- 
wide meeting of the Electronic Data Communica- 



tions Society Semiconductor and Material Field 
held in 1987. and in "Two-step purely thermal ion- 
exchange technique for single-mode waveguide de- 
vices on glass" [Electron Lett., Vol. 24 No 20 
5 pp.1 258-1 259 (1988)] presented by Sugawara.' 
Hashizume and Seki. 

Briefly, the two step purely thermal ion-ex- 
change process includes covering a surface of a 
glass substrate with an ion penetration preventing 
10 mask film, forming an opening in the mask film 
according to a predetermined waveguide pattern, 
and bringing the mask film covered glass substrate 
into contact with a fused salt containing univalent 
cations, so that the ions in the salt are exchanged 
^6 with the ions in the glass and vice versa. As a 
result, a high refractive index region substantially 
semi-circular in cross-section is formed In which 
tile refractive index is gradually decreased towards 
the inside from the opening of the mask film. 
20 Thereafter, ttie mask film is removed, and the glass 
substrate is brought into contact with the fused saft 
including univalent cations which are effective in 
decreasing the refractive index of glass. 

As a result of the two step purely thermal ion- 
25 exchange process, the maximum refractive index 
center of the high refractive index region moves 
from the surface of ttie substrate towards the back 
while the high refractive index region becomes 
substantially circular in cross-section. 
00 The conventional wye-branching optical circuit 

thus described is made of linear waveguides for a 
single mode having a wavelengtii longer tiian 1.35 
um, with the axis of the incident light shifted by 
+ 2 urn in the direction X from the axis of the input 
35 waveguide 1. In this case, as shown in Rg. 2. the 
branching ratio is constant with wavelengtfis tonger 
tiian 1.40 um. Accordingly, for wavelengtiis in the 
range from 1.35 um to 1.40 um. the branching 
ratio changes because of the leaky modes propa- 
gating in the input waveguide 1. and for 
wavelengths shorter tfian 1.35 um, the branching 
ratio changes because of tiie higher order modes 
and leaky modes propagating in the input 
waveguide 1. 

^ Related to the above-described phenomenon, 
the conventional wye-branching optical circuit is 
disadvantageous for ttie following reasons. That is 
even though the single mode tiber is set in align- 
ment with the input waveguide so that the branch- 
so ing ratio is 50:50 with one wavelength, the branch- 
ing ratio varies for a range of wavelengths when 
the axis of the light applied to the input waveguide 
IS slightly shifted from the axis of the waveguide or 
when the dimensions of the waveguides are not 
55 exact or vary. That is. the branching ratio of the 
conventional wye-branching optical circuit is not 
very stable. 
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SUMMARY OF THE INVENTION 

The foregoing objects of the invention are 
achieved by providing a wye-branching optical cir- 
cuit in which at least a part of an input waveguide s 
is . formed with a low effective refractive index 
waveguide portion where higher order modes are 
cut-off arvd the effective refractive index of a fun- 
tlamental mode is lower -&ian in the other 
waveguides fomned in the substrate, such that the u 
higher order modes arxJ leaky modes propagating 
in the Input waveguide are led into the substrate at 
the low effective refractive index waveguide por- 
tion. 

For jsituations where the input waveguide has a 7^ 
low effective refractive index waveguide portion, it 
is necessary to eliminate the high order modes and 
leaky modes after propagation through the tow 
effective refractive index, which are excited be- 
cause the dimensions of the waveguides are not 20 
exact or vary. For this reason, it is preferable to 
position the low effective refractive index 
waveguide portion as close to the branching por- 
tion as possible. 

The higher order modes and leaky modes 25 
propagating in the input waveguide are led into the 
substrate at the low effective refractive index 
waveguide portion, and only the fundamental mode 
is applied to the branching portion. Therefore, the 
optical power in tfre input waveguide is applied 30 
equally to the two output waveguides. Hence, in 
the wye-branching optical circuit, unlike the con- 
ventional wye-branching optical circuit, the branch- 
ing ratio is only slightly changed when the incident 
Hght is shifted from the axis of the input waveguide 35 
or when the dimensions of the waveguides are not 
exact or vary. That is. the branching ratio can' be 
approximately 50:50 with a rMe range of 
wavelengths- 

In accordance with the sbove and other ob- 40 
jects, the present invention provides a wye-branch- 
ing optical circuit including an input waveguide and 
at least tvyo output waveguides, which are single 
mode waveguides or tnulti-mode waveguides in 
which only several modes are propagated, the 45 
waveguides being formed in a substrate, wherein a 
portion of the input waveguide is a low effective 
refractive index waveguide where higher order 
modes are cut-off, and the effective refractive index 
of a fundamental mode is lower than in the other 50 
waveguides fornied in the substrate. 

Further in accordance with the above and other 
objects, the present invention provides a wye- 
branching optical circuit which includes an input 
waveguide portion having a low effective refractive 55 
index waveguide portion and two connecting 
waveguides respectively extending from a forward 
and a rearward end of the low effective refractive 



index waveguide portion and at least two output 
waveguides coupled to one of the two connecting 
members. 

The above and other objects, features, and 
advantages of the present invention will become 
more apparent from the following detailed descrip- 
tion taken in conjunction with ttie accompanying 
drawings. 

BRIEF OESCRIPnON OF THE DRAWINGS 

Fig. 1 is a plan view showing a conventional 
wye-branching optical circuit 

Fig. 2 is a graphical representation indicating 
the lose of the conventi6nal wye-t)ranching optical 
circuit of Rg. 1, formed according to the two step 
purely thermal ion-exchange process. 

Fig. 3 is a plan view showing ^ wye-branching 
optical circuit in accordance ^th one embodiment 
of the inverrtion. 

Fig. 4 is a graphical representation indicating 
the loss of the wye-branching optical circuit of Fig. 
3, according to the invention formed according to a 
two step purely thermal ion-e)Gchange process. 

DESCRIPTION OF THE P REFERRED EMBODI- 
MENTS ' 

Fig. 3 is a plan view showing an example of a 
wye-brar>ching optical circuit in accordance -with 
the invention. The wye-branching optical circuit in- 
cludes an input waveguide 1 . and two output 
waveguides 2 and 3. The waveguides 1 . 2. and 3. 
which meet at a branching portion 4 to form a Y- 
shaped optical circuit, are linear waveguides having 
a refractive index No and width Wo. The input 
waveguide 1 includes a low effective refractive 
index wavegukle portion 6 whose width Wj, is 
smaller than the width Wo, artd connecting 
waveguide portions 7 and 8 which are respectively 
extended from the front and rear ends of the 
wavegukJe portion 6. in such a manner that their 
width gradually changes from Wi to Wo. 

The refractive index of the tow effective refrac- 
tive index waveguide portion 6 is smaller than that 
of the input waveguide 1, by 0.0004, for example. 

Fig. 4 graphically illustrates the wavelength 
loss characteristic for light emerging from a single 
mode fiber, which Is axially shifted when applied to 
the input waveguide 1 of the wye-twanching optical 
circuit. The wye-branching optical circuit was man- 
ufactured according to the two step purely thermal 
ion-exchange process. The axis of the light is shift- 
ed by + 2 urn in the direction X from the axis of 
the input waveguide 1, which is the same as in the 
above case relating to Fig. 2. The ion exchange 
condition was the same as that in the case of Rg. 
2. 
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The input waveguide 1 and the output 
waveguides 2 and 3 are linear waveguides for a 
single mode with a wavelength longer than 1.35 
urn. In order to lead the high order modes and 
leaky modes with wavelengths around 1.35 /xm, { 
which propagate in the input waveguide 1, into the 
substrate 5 at the low effective refractive index 
waveguide portion 6. the mask opening in the ion 
exchange preventing film of the low effective re- 
fractive index waveguide portion 6 has a width 0.67 n 
times the width of the mask opening of the input 
waveguide 1, and a length of 2 mm. In wye- 
branching optical circuit thus constructed, the vari- 
ation in branching ratio is suppressed for a 
wavelength range from 1.31 um to 1.40 urn when n 
the axis of the light was shifted from the axis of the 
input waveguide. 

In accordance with the invention, the low effec- 
tive refractive index waveguide portion 6 is formed 
as follows. 20 

A part of the input waveguide 1 is decreased in 
width in the direction X and its refractive index is 
slightly reduced. However, the low effective refrac- 
tive index waveguide portion can also be formed 
by decreasing its length in the directions X and Y. 2S 
while the refractive index remains unchanged. Al- 
ternatively, the low effective refractive index 
waveguide portion can be obtained by decreasing 
the refractive index, while maintaining the width of 
the low effective refractive index waveguide portion 30 
constant. Hence, with the effective refractive index 
of the low effective refractive index waveguide por- 
tion 6 decreased, and with about the cut-off 
wavelength of the higher order modes propagating 
in the input waveguide 1. the higher order modes 35 
and leaky modes are led into the substrate. 

If the ratio of the refractive indexes is exces- 
sively high, then the distribution becomes steep so 
that a mode conversion loss is likely to occur. On 
the other hand. If the ratio is excessively low, the 4o 
effect of the Invention cannot be sufficiently pro- 
duced. Therefore, it is preferable that the effective 
refractive index of the waveguide portion 6 be 
approximately 0.50 to 0.90 times the refractive in- 
dex of the incident and output waveguides. 45 

In the wye-branching optical circuit according 
to the invention, the higher order modes and leaky 
modes propagating In the input waveguide are led 
into the substrate at the low effective refractive 
index waveguide portion so that only the funda- 50 
mental mode is applied to the branching portion. 
Hence, the optical power in the input waveguide is 
equally and stably applied to the two output 
waveguides. 

There has thus t>een shown and descriljed a 55 
novel wye-branching optical circuit which fulfills all 
the objects and advantages sought therefor. Many 
changes, modifications, variations, and other uses 



and applications of the subject invention, will, how- 
ever, become apparent to those skilled in the art 
after considering the specification and the accom- 
panying drawings which disclose preferred embodi- 
ments thereof. All such changes, modifications, 
variations, and other uses and applications which 
do not depart from the spirit and scope of the 
invention are deemed to be covered by the inven- 
tion which Is limited only by the claims which 
follow. 

Claims 

1. A wye-branching optical circuit comprising an 
input waveguide and at least two output 
waveguides, which are single mode 
waveguides or multi-mode waveguides in 
which only several modes are propagated, said 
waveguides being formed in a substrate, 
wherein a portion of said input waveguide is a 
low effective refractive index waveguide where 
higher order modes are cut-off. and the effec- 
tive refractive index of a fundamental mode is 
lower than in the other waveguides formed in 
said substrate. 

2. A wye-branching optical circuit comprising: 

an input waveguide portion comprising a 
low effective refractive index waveguide portion 
and two connecting waveguides respectively 
extending from a fonvard and a rearward end 
of said low effective refractive Index waveguide 
portion; and 

at least two output waveguides coupled to 
one of said two connecting members. 

3. The wye-branching optical circuit as recited in 
Claim 2. further comprising a branching portion 
coupled between said two output waveguides 
and said two connecting members. 

4. The wye-branching optical circuit as recited in 
Claim 3, wherein said low effective refractive 
index waveguide portion has a first predeter- 
mined width. 

5- The wye-branching optical circuit as recited in 
Claim 4, wherein said output waveguides have 
a second predetemiined width. 

6. The wye-branching optical circuit as recited in 
Claim 5, wherein a width of said connecting 
members range from said first predetermined 
width to a second predetermined width. 
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The wye-branching optica! circuit as recited In 
Clainn 6. where said second predetermined 
width is larger than said first predetermined 
width. 

5 

The wye-branching optical circuit as recited in 
Claim 1, wherein said low effective refractive 
index waveguide portion has a refractive index 
smaller than a refractive index of said input 
waveguide by 0.0CX)4. 70 

9. The wye-branching optic circuit as recited in 
ClakD 2, wherein said input waveguide portion 
and said output waveguides are linear 
waveguides for a single mode with a 75 
wavelength longer than 1 .35 urn and said low 
effective refractive index waveguide portion 

has a length of about 2 mm. 

10. The wye-brarrching optical circuit as recited in 20 
Qaim 9. including a substrate for forming said 
wye-branching optical circuit according to a 

two €tep purefy thermal ion-exchange process 
using an ion penetration preventing mask film, 
an opening in said mask In the region of said 2s 
low effective refractive index waveguide portion 
having a width substantially 0.67 times the 
width of an opening in said mask in the region 
of said connecting waveguides. 
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® A wye-txanching optical circuit including an in- 
put waveguide (1 ) and at least two output 
waveguides (2,3), which are single mode waveguides 
or TTiuiti-mode waveguides in which only several 
modes are propagated. The waveguides ere fomied 
■in a substrate, wherein a portion (6) of the input 



waveguide (1) is a ^ow effective refractive index 
waveguide where higher order modes are cut-off. 
and the effective refractive index of a fundamental 
mode is lower than in the other waveguides formed 
jn the sul>strate. 
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